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Prior to the instant amendment. Claims 61-83 were pendix]^g for prosecution in this case. 
Claims 61, 68, and 72^*76 have been amended. Claims 62 and 67 have been canceled without 
prejudice or disclaimer. Claims 84» 85, and 86 have been added. Hie amendments to the title^ 
specification, and claims and new Claims 84 to 86 do not constitute new matt^ and are 
supported by the specification at, inter alia^ page 6, lines 10-1 S; page 32, lines 16-19; and page 
35, line 35. Hius, entry of the amendments and new claims is respectfully requested. 

Formal matters 

Information Disclosure Statement 

The copy of ^ information disclosure statement filed October 1 0, 2003 and signed by 
the Examiner on July 1 8, 2006 is acknowledged. Applicant notes that the Examiner did not 
initial the foreign patent documents listed on the accompanying Form 1449 and respectfiilly 
requests that the Examiner do so to confiim that those documents have been fully consida:cd. 

Drawings and sequences 

The Examiner objects to certain unspecified drawings and figures under 37 CFJl. §§ 
1 -58(a) and 1 .83 for consisting only of nucleic acid or protein sequences. Applicant notes, 
however, that tiie Figures provide information beyond what is provided by the protein and 
nucleic acid sequences that havebeeai submitted in computer readable format (i.e., SEQ ID 
NO:*s) and believes, therefore, that the objection regarding the Figures is improper and should be 
withdrawn. For example, Figure 1 expressly indicates, via underlined text, the stop and start 
codons of the disclosed sequence. Such information is not provided in the computer readable 
sequence listings. 

In any event. Applicant notes that the mles cited by the Examiner (37 C.F.R. § § 1 .58(a) 
and 1.83) were effective as of October 21, 2004 {seCy 69 FR 56481, Sept. 21, 2004) and, thus, not 
in effect at the time the instant application was filed. Accordingly, an objection to the Figures 
based on those rules is not proper in the presoit situation. 
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Priority 

Please note that due to a previous amendment to the scope of the claims, the Applicant 
has amended the priority claim for the instant application. No new applications were added to 
the priority claim. Applicant contends that all applications in the priority claim support die 
subject matter claimed in the instant cQ)plication. As can be seen from the amendment on page 2, 
the instant application claims priority to a series of continuation/continualion'in-part applications 
dirough two family lines. The two family lines converge with US application 09/908,827, filed 
July 18, 2001. US provisional 60/175,481 and PCT/USOO/30873 (the *48l and *873 application, 
respectively) are the earliest application filed in each feroily line. The ^481 and '873 applications 
each contain disclosures that supports the currently daimed subject matter a3 follows. 

60/175,481, filed January 11- 2000 

Applicant believes that the '481 application provides support for the instantly claimed 
subject matter through, at least, the following disclosures: 

• SEQIDNO:2 

• page 68, lines 1 5-19 regarding the use of anti-PRO10272 (IL-17E) antibodies in the 
treatment of various inflammatory diseases, certain autoimmune disorders, and vario\is 
bone disorders involving bone resotption; and 

• page 24, line 29 dirou^ page 25, line 7 regarding antagonist antibodies and their 
fiugments contemplated as suitable antagonist molecules; 

PCT/USOO/23328, filed Augu^ 24, 2000 ("the ^328 applicatioii'D 
Applicant believes that that *873 application provides support for the instantly claimed 
subject matter through, at least, the following disclosures: 

• SEQIDNO:156 

• page 24, lines 8-16 regarding antagonist antibodies and their firagments contemplated as 
suitable antagonist molecules. 

• page 97, line 27 regarding the teaching that PRO10272 (ILr 17E) binds to PRO5801 
(RHl). 

10 
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Because the '481 and '328 applications are the earliest appKcations filed in each of the two 
famOy lines, each of the subsequently filed ai)plications in those lines contain at least as much 
disclosure through incoiporation by reference) regarding the curr^tly claimed subject 
matter. Accordingly, Applicant does not believe it is necessary to provide page and line citations 
fiom all of the subsequently-filed priority documents but will do so at the Examiner's request. 

Rejectioiis imder 35 U,S-C. S 112, second paragraph -mdeliniteness 

Claims 61, 64-74^ and 76-83 stand rejected under 35 U.S.C. § 1 12, second paragraph^ as 
being indefinite for &iling to paiticulaxly point out and distinctly claim the subject matter. Claim 
61 is considered indefinite for failing to specifically identify the structure of a PRO10272 
polypeptide. Claim 76 is considered indefinite for failing to define the metes and bounds for the 
recitation "at least about 85%.'* The remainixig claims are considered indefinite and, therefore, 
stand rejected for depending fix>m Claims 61 and 76. 

Applicant believes that in light of the amendmeut to Claim 61 to redte the 'polypeptide 
of SEQ ID N0:6" and the amendment to Claim 76 to recite '"at least 85%" Ifae indefiniteness 
rqections are moot and should be withdrawn. 

Retections_undEr 35 U.S.C S 112. first paragraph - new matter 

Claims 73 and 74 stand rejected under 35 U.S.C. § 1 12, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to reasonably 
convey to one sikilled in flie relevant ait that the inventors had possession of the claimed 
inv^tion at the time the application was filed. Specifically, the Examiner could not locate in the 
specification the basis for the claims to a phannaceutical composition comprising an 
immunosuppressant, wherein the immunosuppressant is methotrexate. 

The subject matter of Claims 73 and 74 do not constitute new matter and are supported in 
the specification at, inter alia, page 6, lines 10-15 and page 35, line 35. To expedite prosecution, 
the Applicant has amended claim 73 to recite an 'immune inhibiting molecule*^ as opposed to an 
"immunosuppressant." Inunxme inhibiting molecule a broad term that encompasses the tenn 
immunosuppressant and is disclosed in the specification at, inter alia, page 6, line 1 0. hi 

11 
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addition, metbotrexate is disclosed at page 35, line 35. It was well-known in the art at the time 
of filing that methotrexate is an immune inhibiting molecule. (See, e,g,, Genestier, L., et al^J. 
CUN- INVEST. 102(2): 322-28 (1998) («,g., Introduction, last paragraph), a copy of which has 
been provided with this response). Accordingly, in light of the teaching of the specification and 
knowledge in the art at the time of invention, the Applicant believes that the new matter rejection 
of Claims 73 and 74 is in^roper and should be withdrawn. 

^(?|ect^ons under 35 U.S>C- § ^2, first paragraph - enablement 

Claims 61, 75, and the dependent Claims 62-74 stand rejected under 35 U.S.C. § 112, 
first paragraph, as failing to reasonably provide enablement for claims to a method of treatment 
using an antagonist of a PRO10272 polypeptide or a kit comprising a composition comprising an 
antagonist of the PROl 0272 polypeptide of SEQ ID NO:6. Specifically, the Examiner argues 
diat the claim to ""an antagomst^' reads on any or all polypeptides possibly associated with a 
degenerative cartilaginous disorder and encompasses a genus of molecules with broad structural 
diversity not sufficiently disclosed in the specification of the instant application. Although tbe 
Applicant believes that the specification enables one of ordinary skill in the ait to practice a 
method of treatment xising antagonists to the PROI 0272 polypeptide of SEQ ID NO:6 in addition 
to antibodies (see, e.g., page 31, lines 23-31), in the interest of expediting the examination of 4ie 
instant application. Applicant amends Claims 61 and 75 to be directed to antagonist antibodies or 
fragments thereof Accotdingily, in light of tiie amendments to Claims 61 and 75, the Applicant 
believes that the rejection of Claims 61 and 75 is moot and respectfully requests that the rejection 
be withdrawn. Indeed, the Examiner has acknowledged that the specification enables claims 
directed to a method of treatment using an antagonist antibody to the PROl 0272 polypeptide of 
SEQ ID NO:6. (See, Office Action, page 5, 1f2). 

Rejections under 35 U>S>C. 8 112. first paragraph - written descrintioa 

Claims 61, 75, and the dependent Claims 62-74 stand fiirtfaer rejected under 35 U.S,C. § 
112, first paragraph, as containing subject matter that was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the inventors had 
possession of the claimed invention at the time the application was filed. Specifically, the 
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Examiner appears to be asserting that the recitation of "PRO10272 polypeptide" and generic 
^^antagonist" reads on a fiinctional equivalent of any or all molecules having an antagonizing 
activity for which there is no § 112 support in the specification. While the Applicant does not 
agree with the Examiner's position, in line with the response to the § 1 12^ enablement rqection, 
the Applicant has amended Claims 61 and 75 in the interest of expediting prosecution. For 
example, the amended Claims 61 and 75 are directed to antagonist antibodies or fragments 
thereof of the polypeptide of SEQ ID N0:6. Applicant believes that such amendments render the 
written description rejection moot and requests that the lejection be withdrawn. 



Refection Under 35 U,S,C, 8 102(e> 

Claims 72 and 75 are rejected under 35 U.S.C. § 102(e) as being anticipated by U.S. 
Patent No. 6,562,578 by Goraian et ah Oi^reinafter refeired to as "Gomiati et u/.")- to support of 
ihe rejection, the Examiner notes that Gorman et aL discloses a human IL^17 like cytokine, 
designated as IL-174 and encoded by SEQ ID NO: 14 (161 amino acids in length), which 
comprises die amino acids 19-177 of the present SEQ ID NO:6 (177 amino acids in length) with 
100% sequmce identity. The Examiner also asserts fliat Gorman et aL teaches antibodies to IL- 
174, including chimeric or humanized antibodies, and, inter alia, coinpositions and kits for 
therapeutic use. Applicant traverses the rejection for the following reasons. 

Applicant submits ttiat Gorman et aL cannot anticipate the present claims under the 
standards that govern § 102(e). The proper standard for anticipation under § 102(e) is that 
articulated by the Coint of Customs and Patent Appeals in In re Wertheim and Mish/dn, 646 F^d 
527, 209 USPQ 554 (CCPA 1981): namely, that a reference patent or published patent 
plication can anticipate under 3 5 U.S .C. § 1 02(e) as of a particular date only to the extent that 
there is a sufficient disclosure under 35 U,S.C. § 1 12, first paragr^h, for the subject matter at 
issue. See also MPEP 2136.03, subheading IV. As explained below, Applicant submits that 
Gorman et aL does not support the present claimed subject matter und«: § 1 12 and, therefore, 
cannot be a proper § 102(e) reference. Applicant notes that the legal standard for § 102(b) 
articulated by statute and the case law (i.e.. In re Schoenwald) cannot be used to support a 
rejection under § 102(e). 
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Specifically, in Wertheim, the Court held that in order for the patent to enjoy prior art 
status under § 102(e), the application to which priority is claimed must satisfy the disclosure 
lequirments of the first paragraph of § 1 12 for the claimed subject matter at issue. See 
Wertheim^ 646 F.2d at 537. It is entirely consistent with the logic of this provision that the 
actual patent disclosure (ie., the disclosure that is in the aRjlication that led to the patent, rather 
than an earlier application to which a claim under § 120 is made) must meet the requirements of 
§ 1 12, first paragraph, for the subject matter being rejected. Accordingly, if (he Gorman et aL 
patent fails to satisfy the requirem^its of § 1 12, including that the disclosure teach how to use a 
claimed invention, it cannot be a proper § 102(e) refmnce. 

Applicant contends that Gorman et aL fails to disclose any information that describes in 
any credible manner any spedfic biological role, function or activity associated with the IL-174 
polypeptide. Instead, the disclosure speculates as to possible functions or activities that the 
polypeptide mi^t possess. Even in this respect, the Gorman et aL disclosure makes Aese 
representations in a way that is so g^eralized and abstract as to be meaningless to a person of 
ordinary skill in the art. For example, Gorman et al. m^ely proposes to one of ordinary skill in 
the relevant art that IL-174 is but one of several members of peptides in the IL-17 family of 
cytokines related to TGF-/5. {See Gorman et aL, Col. 6, 11. 23-29). Yet, there is no further, 
spedfic disclosure regarding what role, if any, IL-174 plays as a member of tihie IL-17 family of 
cytokines or, for example, to what recq)tar (or any other biological substrate) it interacts with. 
This absence of experimental data for the IL-1 74 polypeptide renders the disclosure of Gorman 
et aL incapable of establishing, under § 1 01, a specific, substantial, and credible utility for the 
polypeptide. In turn, as Gorman et aL fails to satisfy § 101 for the underlying polyp^tide, its 
disclosure does not satisfy § 101 utility for the pharmaceutical compositions and kits comprising 
antagonist antibodies to the polypeptide of claims 72 and 75. 

Based on substantial precedent {See, e.g.. In re Zeigler, In re Brana, and In re Fouche), if 
Gorman et aL fails to satisfy § 101 for the presently claimed subject matter, it fails to me^ the 
requirements of § 1 12, first paragraph. In particular, the insufficient disclosure in Gorman et aL 
regarding the IL-174 polypeptide (i.e., the disclosure does not set forth a specific, substantial and 
credible utility methods of usixxg antagonist antibodies and compositions thereof)^ makes it 
impossible for Gorman et aL to satisfy the 'liow to use" prong of § 1 12 for the presently claimed 
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subject matter. As a matter of law, because Gonnan et aL fails to satisfy the requirements of § 
101» it fails to provide an enabling disclosure under § 1 12 and cannot anticipate the claims under 
§ 102(e). Applicant asks that the rejection of the claims under § 102(e) in view of Gonnan et aL 
be withdrawn. 

In light of the above amendments and rematlos, Applicant believes that this complication is 
now in condition for immediate allowance and respectfully requests that this case pass to issue. 

Hie Examiner is invited to contact the undersigned at (202) 736-8157 if any issues may 
be resolved in that manner. 



Respectfiilly submitted, 



Date: January 16, 2007 




David A. Steffies 
Reg. No. 46,042 
Telc?)hone: (202) 736-8157 



15 



t)Cl 90753BV.1 



PAK18l29'RCVDAT1/ie07 3:27:11PM [Eastern StaniianlTiine]'SVR:U^^^ 



01/16/07 15:28 FAX 202 736 8714 



SA-LLP-DC 



@1019 



Immunosuppressive Properties of Methotrexate! Apoptosis and Clonal Deletion of 
Activated Peripheral T Cells 

Laurent Gsneskter,* Romaln Palllot/ Sytvie Foumel,* Carole Ferraro,* Pierre MiosseCp* and Jean-Pierre Revillard* 
"^Laboratory ofDnmunology, ItuiUui National de la Sortie adela Recherche M6dicale USO Claude Bernard University, and 
^Immurtorhewnatology Unit, Hdpiral E» Herriot, 69437 Lyon, France 



Abstract 

The folate antagoiust methotrexate (MTX) is extensive 
used in grait-versus-h06t difiease, rheumatoid arthritis, and 
other chrcmic inflammatoiy diismders. In addition lo its an- 
tiinflammatorT activity associated with increased release of 
adenosine, MTX exerts antiproliferative properties by inhi- 
bHion of dihydrofolate reductase and other fohtte-depen- 
dent enzymes. Howevert tlie mechanisms of immunosup- 
pressive properties associated with low-dose MTX treatments 
are still elusive- We report here that MTX (0.1-10 m^) in- 
duces apoptosis of in vitro activated T cells from human pe- 
ripheral Wood. FBI. exposed to MTX for 8 h, then activated 
in dnjg*&ec medium, underwent apoptosis. which was com- 
pletely abrogated by addition of fohnic acid or thymidine. 
Apoptosis of activated T cells did not require interaction be- 
tween CD95 (Fa5, APO-1) and its ligand, and adenosine re- 
lease accounted for only a small part of this MTX activity. 
Apoptosis required progression of activated T cells to the S 
phase of tlie cell cyde, as it was prevented by drugs or anti« 
bodies that interfere with 11^2 synthesis or signaling path- 
ways. MTX achieved clonal deletion of activated T cells in 
mixed lymphocyte reactions. Finally, in vitro activation of 
PBL taken from rheumatoid arthritis patients after MTX 
ejection resulted in apoptosis. Altogether, the data demon- 
strate that MTX can selectively delete activated peripheral 
blood T cells by a CD95-independeiit pathway. Tins ^tifp- 
erty could be used as a new phannacological end point to 
optimize dosage and timing of MTX administration. It may 
account for die immunosuppressive effects of low-dose 
MTX treatments, (i. Clm. Invest 1998. 102:322-328.) Key 
words: methotrexate • apoptosis • T lymphocytes • thymidy- 
late synthase • rheumatoid arthritis 

Introduc^tion 

Methotrcxale (MTX)' is a folaU? antagonist first developed for 
the treatment of malignancies (1) and, subsequently^ used in 
nonneoplastic diseases as an antiinflammatory trnd/or iimnu- 
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nosuppre&sive dnig. MTX is eurrently the mosi commonly 
used treatment of rheumatoid arthritis (2, 3), and other 
chroziic inflammatory disorders. MTX is aUo efCftctive in the 
prophylaxis of acute graft-vcreus-hoSl disease either alone or 
in association with cydospoxin A (CsA) and/or prednisone 
(4-6) or FK506 (7). MTX has also been used as an adjunct 
therapy for persistent mild cardiac allograft re]ecdon (8). Most 
phannacological studies have addressed the use of MTX in 
cancer chemotherapy, where doses could be escalated up to 30 
g/m' by admmistratioii of the antidote leucovorin (folinic add, 
dtrovonim factor). To autoimmune diseases and allografts, 
however, MTX dosage is usually in a range of 7-15 mg per 
week, given orally or by intramuscular injections. 

Biochenucal pharniftcology studies of MTX in tumor cell 
lines by J. Jolivcl, B. A. Chabncr. and co-workers have shown 
that MTX, like physiological folates, is converted lo poly- 
gintamate forms that are not readily transported across the 
cell membrane (^11). Those polyglutamated derivatives not 
only inhibit dihydrofdJate reductase (DHFR), the major MTX 
target, but also have markedly increased affinity for certain 
folate-dependent enzymes such as thymidylate synthase (TS), 
S-amino inUdazol^corboxamide rit>oniicleotide transfoimy- 
]ase, and the triple complex of enzymes that intercoovert vari- 
ous forms of reduced folate (11, 12). The enzyme responsible 
for MTX conversion, folylpolyglutamyl synthetase, catalyzes 
the addition of y-linked g^iuamate groups to the end carboxyl 
group of the neighboring fol>1 glulamate, using ATP as its en- 
ergy source. Hie activity of this enzyme, fir&t demonstrated in 
erythrocytes and then in human Uvcr, was shown to vary 
among tumor cell lines. Surprisingly, the polyglutamation of 
MTX in nonnal tissues^ including the lymphoid system, has re* 
oeived little anention so far, and the sensidvity of restmg or ac- 
tivated peripheral T cells to growth inhibition and, eventually, 
apoptosis in the presence of MTX concentrations* achieved 
during low-dose treatment, has not been investigated. 

The present study addressed the in vitro activity of MTX 
on human PBL. We report here that MTX selectively induces 
apoptosis of activated but not resting lymphocytes, even after 
short term e^qposure to MTX and subsequent activation in 
drug-free medium, thus, providing the IitsI evidence for an im- 
munosupprcssivc activity of low-dose inteTmiiient MTX ad- 
mmistiation. Selective susceptibility of activated T cells in the 
S/G2 phase of the cell cycle may result in clonal deletion of T 
ceils that arc activated by antigen at the time of MTX adxnini«> 
tration. 



1. Abbrcviaficns wfcd Ui this papers AOA, ad/snojdnc deaminase; 
CbA, cyclosporin A; OHFR. dihydrofolale reduclttsc; MLR. mixed 
lymphocyte reacllons; MTX, meUiolrexate; KPM, r»p9myciis TS, 
thymidylate synUiase; TUNHI^ Tdt-mctfiated dUTP-FTrC nick end 
labdinf. 
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Methods 

Rea^enat and monoclonal 0T\ilbcdies. KTTX* Tolic add. rolinic add, 
adenosine, thyrnidine, adenosine deaminase (ADA), a,p-inethyJenc 
Bdcno!dnc-5' -diphosphate (ACPD), PHA, PMA« ionomydn, cod- 
canavalm A, and Staphylococcus aureus cnteroio?nT> B were obiajned 
from Sfexna QiBinical Co. (Sl Louis, MQ)> Rapamydn (RFM) aod 
FK506 wcsre a eLfL from A. Aitman (La JoUa Institute for AlJergy and 
Immunology. La JoUa, CA). and CsA was supplied by Sando7 Phax- 
maccuticaJ Division (Novants. Paris, France). The CD3 mAb 0KT3 
was Iram Cilag Laboratories (Levallois-Perret, FraiKe). The CD25 
mAb AIUI^2 (IgCl) and and-cbymocytc globulins were a ^ from 7 
Alben'ci (Pasieur-Meriewx. LyOn* Fnmcc). The aeomat (CHll, IgM) 
anti-human CD95 mAb was from CouUer-Imraunotcch (Maneilie, 
Franoe). The antagoniit ami-human CD95 mAb ZB4 (JgCl) was 
frtwn Kamiya Biomedical ^Thousand Qsk^ CA). The CD25, 
and CD95 inAbs (fluorescein isothiocyanatc conjugates) were from 
BeclOn Dickinson (Mountain View, CA) and Tmmunotech 
(Marseille. Frajice). rtspeciivcly. 

Cell prepttruiion and culture. PBL were ooileded £rom healthy 
donors \n Iho preseM cl sodium dlrale. BJood was defibrinaied, and 
then mcnonvdcar cells weie isolated by ceaUifugatloa cm a layer of 
Hiscopaquc* (Sigpia. Cbcraicai Co.)- Tliose ceU suspensions, refened 
lo as PBL, caniained l.S±a4% monocytes, as defined by CD14 ex- 
FBL were resuspended in RosewcU Park Miomoria] Jnsti- 
mie culture medhun (RPMI 1640: Sigma Chemical Co.). supple- 
mented with 10% FCS or TCH medium (senim free; ICN, Orsay, 
France), 2 mM u-glutaminc, and antibiotics (pcnidlKn 100 U/ml, 
Sl^eptOmydn 100 p^ml). CuJ Lures were mRintnined at 37^ tn a hu- 
mid atmosphere coniaining 5% CO^. Duiing the last 8 h of incubation 
they were pulsed with (meihyl-^H)ihy]ziidine (f H]TdR; Amersbam 
Int., Little ChaUoni, UK) at OJ ^.O/well. ^-TdR uptake vvas mea- 
sured using a Packard direct beta counter (Mcridcn, CT) after har- 
vesiing. For mixed lymphocyte reacdons (MLR), the human B lym- 
phoma cell lines RAJI and DAKIRl were used as stimulators (13). 

Stimulaior cells wera traaied Tor 1 h at YTC with 25 iigfml of mitomy- 
cin C (29S0S; Serva Heidelbei^, Germany )» exiensiveiy wasihed. and 
Chen mtaod with PBLataraifoof t BceUforlCPBL. 

Mcaauremeru of nuclear apoptasit. After 3 d of culture, PHA- 
a^vaied PBL were harvested. Deod ceils were removed by oentiifu- 
gauon on a layer of Hisiopaque* (Sigma Chemical Co.). Viable cells 
(10'i/nil) wcTQ washed in HBSS, and then mcubaied in 96*wc\l micro- 
plates (Costar, Cambridge, WA) with MTX. In Other experiments, 
PBL were either incubated For 1-24 h in the presence of MTX, and 
then activated wiUt PHA for 24 to 72 b. or MTX mid FHA were 
added together at the onset of the culture. Cdl death was evaluated 
by fluorescence microscopy after siaimng ^lii Hoechsi 33342 (Sigma 
Chemical Co.) at 10 M-g/ml after previously described methods (14). 
Apoplosis was also measured by flow cytometry after addition of 
biolinylalcd anncTon V (Boebrin^ Mannheim, Indianapolis, IN; 15) 
and by TdT-mediated dUTP-FITC nick end labeling (TUNEL), as 
previously described (16), using reagenls from Boehiinger Mann- 
heim. Samples were analyzed by flow cytrometiy on a FACScan^ 
(Boccon Dickinson). Nuclear fragmeniaTion and/or marked conden- 
sation of the chromalin with reducdon of nuclear aizc were consid- 
ered as typical features of apoptolic cells. Based cm these measiue- 
mcnts, results were expressed as percentage of apoplotic celb or 
percentage of spedEc apoptosis according to the following formula: 
Spedfic apoplOSis = (T — C)/(100 - C), where T stands for % of apop- 
totic-treated cells and C for % of apopioiic control cells. 

The morphological features of the ceils after MTX treatment 
were also observed by transmission electronic microscopy, as previ- 
ously described (14). For DNA fragmentatian assay, ccUs were incu- 
bated in RPMI medium for 12 h with MTX and DNA pieparaiions 
were obtained and processed for electrophoresis in 2% agarose, gel 
after previously described methods (17). 

ImmurwfluQrcsQcncc assays. After 1 d of culture, ccUs were 
washed with isotonic NaCI/Pf bufE^cr containing 1% BSA and OJl% 



NaN) (PBS/BSA/azide). nod then incubaied with 10 pi of fluorescein 
isoihiocyanaie conjugated CD25. CD69. or CD95 mAb per 5 X 10* 
cells for 30 min at ^'C After two washes in PES/B^A/azide, cell were 
fixed with 1% formaldehyde in PBS/BSA/»ade, Lymphocytes were 
identified by cell size (small angle Hglu diffraction) and this fraction 
was ^led for analysis, thereby excluding dead ceDs bUT including 
small lymphocytes and blasts. To evaluate the mitochondrial trans* 
membrane potential (Atty.), cells (5 X lOVml) were mcubaied with 
33'-dihexy]oxacarbocyanine (DiOCs(3)) 40 nM in PBS (Molecular 
Probes, Inc., Eugene, OR) fOTl5 irUn at 37"C; followed by flow cy- 
tomeiiy analysis (X. Ek. Ma3L^ 4SS nM; X. Em. Max., 525 nm). The de- 
crease in Alps is a choxacteristic of apoplotic cells (IS). 

CX>95-ngand ntKNA quantification was carried out Following 
methods described in detail in another repon (19). 

Patients. Peripheral blood from one patient with a defect in the 
CD95 apoptolic signaling pathway waA Icindly made available by 
Alain Rscber (HOpital dcs Enfants Malades, Paris, France). Details 
of the phenoiypic alterations of this patient have been previously re* 
ported (20). Six paiienls with rheumatoid arthritis treated by weekly 
intramuscular injections of MIX (75 mg in one patient, 12.5-lS mg 
in the five others) In the nllnfcal Immunology unit. HOpital E. Hemot 
(patients of P. Miossee) gave their biformed consent for blood sam- 
pling (5 mi) before* and 6, 24, and 48 b after MTX injection. Cells 
were cultured with or without PHA. 

Results 

HdTX induces apoplosis of mitogen-activansd but not r^ng pe- 
ripheral T cells. FBL were activAied by PHA for 3 d, and then 
dead cells wefe removed by ceniiiftigatiori, and viable cells 
were incubated for IS h with MTX (1 }*M), Apoplosis was 
demonstrated by miernudeosomal ^gmcntatioD resulting in 
a typical 'ladder** of 180-bp fragments and multiples thcretjf in 
agarose gel electiopborcsis, whcroas such fragments v^ere not 
detected in nonactivated PBL (Fig. 1 A). Apoptosis of PHA- 
activatcd cells, but not resting PBL was confirmed by typical 
condensation or fragmentation of cell nuclei, as revealed 
by Hocscht 33342 staining in fluorescence microscopy (Fig. 
1 B), electron microscopy (Fig. 1 C), by the decrease of mito- 
chondrial transmembrane potential (Aij;^ (Fig. 1 Z)), and the 
presence of DNA breaks revealed by ihe TUNEL assay, (Fig. 
ID). 

The kinetics of apoplosis showed a progrctysive increase up 
to 16 h (10 pM) or 28 h (0-1 jlM) (data not shown). Similar ob- 
servations were made with PBL activated by PMA plus iono- 
mycin. concanavahn A, the CD3 mAb OKT3, polyclonal rab- 
bit anti-thymocytc globulins and S. aureus enterotoxin B, but 
not by PMA alone (data not shown). We concluded that MTX 
(1 pM) induced apoptosis of activated T cells. A dose range of 
MTX coDcentratloAS was tested, demonstrating that apoptosis 
occurred at 0.1-10 jiM, but not at 1 00 \lM (Fig. 2 A), Comts of 
viable cells for 4 d after removal of PHA showed a progressive 
increase m controls (without MTX), a borderline decrease in 
the presence of MTX at 0.01 and 100 pM, and a considerable 
loss of viable cells with MTX at eitber 1 or 10 (Fig. 2 B). 
When compared with measurements of apopiofiis, these data 
indicate that MIX at low (0.01 m^M) and hi^ (100 m-M) oon- 
cedtratk>ns inhibits cell proliferation without inducing apopto- 
sis, whereas at inleimediale concentrations (from 0.1 to 10 
ilM), the decrease of viable ceUs Is mostly accounted for by 
ap<^osis. Addition of MIX at the onset of FHA aciivaiion 
resulted in a marked progressive decrease of viable cell coimts 
in the presence of MTX (from 0.1 to 10 }mM), whereas at low 
(0.01 i;^) and high (100 (aM) conconcraiions, MtX inhibited 
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Figure J. MTX induces apapton^ of »CCiva(ed bul noi resiiag T cells. 
PBL -were incubated 3 d with medium or PHA (5 ^ml). Dead ceUx 
were removed and viable ceJls were treated for h wfih MTX 
(1 M). (A) DNA fragmcDlalioa was evaluated by electrophoresis 
on 2% agarose gel (Medium and PHA, wiihcniL (-) or with ( +) 
MTX). (JB and C) Morphology of aeiivHted PBL aficr Hoescht 33342 
staining and by electron microscopy, leaptjclively (without MTX (left) 
or wiih MTX (risht)), (D) AJtcration of the miiochondrtftl ifcin sm em- 
bra ne poieniial (A^a) measured by stainiog vwth DiOC6p| and DNA 
strand breaks ddtecxiOA by the TUNEL assay as described in Meth- 
ods. Numbers in each histogram refer fO the percenljiee of cells below 
(PiOC6|3]) or above CTUNEL) the diresbold Of normal controls. 



cell proliferation but induced only a moderate and/or delayed 
loss of viable cells (data not shown). 

PBL ina4bmed wah MTX undergo apoptosis upon subs^ 
quern activMion in drug-fm medium. Vr^snc^^ of PBL 
with NfTX (from 0.1 to 50 ftM) lesohed in apoptosis on subse- 
quent PHA activation for 24 h (Hg. 3^1), and maximal apopto- 
sis was attained after 8 h incubation with MTX (data not 
shown). To delenzune the half-life of MTX apoptosis-ioduciiig 
activity, PBL were incubated with MTX (1 yM) and, subse- 
quently, cultured in drug-free medium for vaiious time inter- 
vals beTore adivatioD by PHA. Results indicate a pirogresddve 
linear decrease of the percentage of apoptotic ceils with an av- 
erage half-life of 3 d (Fig. 3 B). Counts of viable cells after 
PHA activaiiott in drug-free medium demonsuated that MTX 
inhibits PHA-induced cell prolireration at 0.01 and 100 |iM« 
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Figure 2. Qiaractcnstics of MTX-induced apoptosis. (A) Dose re- 
sponse: resting T cells (M) or cells activated by PHA (5 ^g^ml) dining 
3 d (□) were treated wiih a dose range of MIX. ApopioUc ceils were 
evaluated after 2<i h. Values are the meBn±S£M of three Indepen- 
dent ocpeiimcnts. (B) Effect of MTX on viable cell recovery. PBL 
were siimlilaied with FHA (5 itg^ml) wjdlOUl or with MTX (10"' M to 
10~^ M) added at day 3. Viable odl number was deieimined by trypan 
blue exdusioft at the tndtcaied times. Vahics are the mean^SEM of 
three independem experiments. 

and induced a transient decrease of viable cell numbers at in- 
teimediate (0.1-10 \M) concentrations (data not shown). 

MTX-induced apoptp^gy of activated T ceils resuia from 
DHFR and TS uthibiUan, Knowing that MTX and its poly- 
ghuamated derivatives can interfere with several folate-depen- 
dent enzymes, we detemiined whether blockade of the two 
major targets of MTX activity* DHFl^ and TS, could account 
for MTX-indueed apoptosis of activated T cells. To this end, 3-d 
PHA-eciivatcd cells were incubated with MTX (1 yMi to- 
gether with folic add» folinic add, or thymidine. Fohnic add 
showed dose-dependent iflbibfxion of MTX activity, with 
^ 80% decrease at 1 »iM (Fig. 4 A). Folic acid was 10-50 
times less effective on a molar basis, and complete inhibition 
required 100 ^M. Increasing the exiraoellular concentration of 




Figure 3. Apoptosis induced t>y MTX pretreatmeat; dosc response 
(Ay and h^it-KTc of intracellular MTX (B). FBL wcra iacubaied wfiih 
a dose range of MTX (A) or MTX (1 0"* M) for 24 h (5). After re- 
moving the drug by two washes in HBSS. cells were immediately acti- 
vated by FHA (5 ^g/ml) (A) or mainiained between 1 and 5 d in 
medium before ?HA activation (3). Percent ^raptotic cells were 
cvoluaLcd at 24 b in control ccH jcuspensions incubftted tn medium 
alone {closed symbols) or in cells cultured with FHA (5 »Lg/inl) (fipcn 
symbols), Rcsuhs are expressed as perceni'SpedGc MTX apoptosis. 
Values are the mean^SEM of four individual cxpcriaients. 
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Figure 4. EUeci of folic add. CoLinic add, or ihymidke {A); adeno- 
sine deaminase and ACPD on apopiQsis induced by adcno$ine or 
MIX (C^. Renting T cells (closed symboh) or cells aclivated by PHA 
(5 lig/nil) in senim-iiee mediuEzi tor 3 d {open symbols) were Healed 
Willi MTX (10* ^M) plus a dose range of loKc add, folinic add, or ihy- 
midme (A) ct with adenosine in serum-free medium. Ideniical values 
were observed b ihe presence of ACFD (10 |jiM) (B). 3-d PHA^acti* 
vaied cells were mcuNited with ADA (2 U), or ACFD (30 |aM), and 
lieaied 24 h with MTX (10~* M) or adenosine (10^ M) <C), Apop- 
totic cells were evaluated after 24 h. and results arc expressed as per— 
ccnt^spcdfic apoptosis as dc<icribcd in Mcthoda. Values arc the 
inean±5£M of ihiee independent expeiiments. 



thymidine to 10 \xM was sufficient to prevent 90% of MTX- 
induced ^optosis (iMg. 4 A). 

Adenosine plays a limited roU in MTX'induced apoptosis. 
Knowing ihai adenosine represents the major mediator of the 
ftniiinflainfnaLory activities of \fTX (21), we investi^Laied its 
cxmtributioii to NTTX-indxiccd apoptosis* Addition of adeno- 
sine (0,1-1 kvM) in scrvm-frcc medium with or without ACPD 
rejuhcd in apoptosis of ~ 15% of PHA-activalcd cells (Fig. 
4 B), At higher concentrations (lO-lOO |aM). adenosine in- 
duced some apoptosis of imactivated lymphocytes, but the per- 
centage of apoptodc FHA-activated cells did not increase. 
The apoptotic activity of adenosine (1 pAf) was completely ab- 
rogated by adenosine deaminase, whereas that of MTX was 
only marginally decreased (Fig« 4 It was concluded that 
sensitivity to adenosine>mediaied apopftosis was restricted to a 
subset of PHA-activated cells, accounting for 15-20% of 
GcUs susceptible to ^fTX. 

MTX-indiiced apoptosis requires progression to ^eS phase 
ofthecellq^cle. The apoptotic signal triggered by MTX is 
likely to be initiated at the time of DNA synthesis, during the S 
phase of the oeii cycle. Supporting this hypothesis^ the percent- 
age of blasts and die cell surface expression of CD69, CD2S (a 
chain of the 11^2 receptor), and CD9S (Fas, APO-1), that are 
typical markers of activated T cells in the Gl phase of the cell 
cycle were not decreased by MTX (Fig. 5 A). Furthennore, in- 
hibition of IL-2 synthesis by CsA or FKS06, interference with 
IL-2 receptor signaling by rapamycin, and competition with 
TLrZ bmding to its receptor by e CD25 ixiAb, all markedly de- 
creased prQTdR incorporation and reduced MTX-induced 
apoptosis in parallel (Fig. S B). None cf the inhibitors used to 
interfere with the lL-2 pathway increased the basal level of 
apoptosis in the absence of MTX. 

MTX-induced apoptosis dees not invoive CD9SIJCD95 in- 
ttroaion. Activated T and B lymphocytes express the deathr 



signaling receptor CD95 (Fas, APO-1), which mediates apop- 
tosis upon oligomertzation. Because MTX was reported to 
stimulate CO^S ligand (CD95L) mRMA expression in human 
leukemia T cell lines (22), we studied the possible contribution 
of CD95L/CD95 interaction in the apoptotic effect of MTX. 
Expression of CD95L mRNA by 3-d PHA-acVivated cells 
could be readily induced by the association of a phorbol ester 
with a calcium ionophore, whereas MTX (10 and 200|i,M) trig- 
gered only borderline CD95L gene transcription (Hg. 6 A). 
Apoptosis induced by MTX was not altered by addition of the 
CD95 antagonist antibody ZB4, which completely inhibits 
apoptosis iikluced by CD95L or by the CD9S agonist antibody 
CH11 ^g. 6 B). PBL rapidly express CD9S iqion activation, 
but their sensitivity to CD95-dependent apoptosis progres- 
sively develops from day 3 to day 6 of mitogenic activation, 
and requires IL-2 (23). After 24 h of mitogenic activation, PBL 
were fully meeptiblc to MTX-induced (^optosis (Fi£S. 3 B 
amd 6 C). yet resistant to the CD9S agonist antibody CHll. Fi- 
nally, FBL from a patient with nonna! CD95 cxpressian but 
defective CD9S signaling pathway, as shown by their resis- 
tance to CHll'^induced apoptosis, were fully susceptible to 
MTX (Fig. 6 D). It was oonduded that MTX-induced apopto- 
sis of mitogen-activaied cells occurred through a CD93-inde- 
pendeni pathway. 

MTX induces clonal deieilpn of aUoreaclive T cells. AllOrO- 

aeiive T ceDs undergo activation and donal expansion when 
cocultured with cells that exj^ess different MHC class H mole- 
cules, a reaction termed MLR (mixed lyrpphocyie reaction) 
(24). Subsequent culture with the same stimulator ceils results 
in accelerated proliferation, as shown by a peak of pHJTdR in- 
coiporation and CD25 expression at 2-3 d, whereas the re- 
sponse to tliird party stimulator cells follows primary kinetics 
with maximal cell proliferation occurring after 5-6 d (13). Such 
differences indicate that ihe two types of stimulator cells are 



A 8 




Figure 5- MTX-induced apoptosis and progressfon of acrivated PBL 
in the S phase of the cell ^de. PBL were activated by PHA (5 |LB/!ml) 
wiOi or without KfTX. {A) Pereentage of cells expressing Gl phase 
markeis (CDd9. CD25, CD9S) among PHA-activaicd PBL after 24 h 
in the presence (gray bands) or atncnce (white bands) of MTX 
(10~^ M). (B) Effect of tnhibilion of the Gi to S phase Unnsilion on 
MTX-induced apoptosis. PBL were activated by PHA (5 i^g^ml) with 
or wiihouL Qs A (250 ns/mJ). FK506 (10 oM), CD25 mAb (10 |j^nil)» 
and RFM (60 nM). Results arc citpresscd as the spcciltc MTX ^op- 
tosis, as described in Methods. Values are ihc mean±S£M of four in- 
dependent experimeftts. pHjTdR incorporanon wag determined dur- 
ing the last 8 h of culture with PHA: mean dpm (alimulalion index in 
brackets). Nonaciivated PBL: 300. PHA done: 5,250 (17.5), PHA -i- 
CaA: 12S0 (45), PHA + FK506: 1/420 (4.7), PHA + CX)25 mAb: 
2,050 (6.8), PKA -h RPM: 1,300 (43). 
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JTfgwre A hfTX-induced 3popias)S does not involve CD95/CD95L in- 
tcraciion. PBL were culbvated for 3 d in tbe pTcrcDce ot PHA 
(5 |ig/ml). Dead cells were elimiiiated by ccnlrifugauon On Ftcolt 
viable cells were inCUbaied willi MTX (lO Or 200 ^M) OT wjih ?MA 
(10 Dg/ml) plus ionomycin (05 *jig/ml) for 12 b. mRNA of each saun- 
ple wii omplilied by reverse uanscripTase-PCR zs de^bcd in 
Methods, aiid separated on 2% agarose gel. Results arc expressed as 
the razio: abtsorbanoc of C]>93L/ab&orbanoc of actin. R coircspcnds 
w the ratio: absazbanoe assay/absoitianoe o£ mBriiiim. (B) EflTcct of 
the antagonisi Pas mAb 2B4 on MtX-iaduced apoptoais. 3-d PHA- 
smivated oelb ^re mctlbftted 1 h wiib ZB4. and xhM treated with 
mediuiii, KfTX (IC M), oir Ihe agontii CD95 mAb CHll (1 p^l) 
for 24 h, aod percentage of apoptotic cell* was dctcmiincd by axmcxin 
V binding. (C) Sensitivity co apopmsia induced by MTX and CE>95 
mAb CHll according lo culture duraiion. 1-d or 3-d PHA-aciivaxed 
celh were intaied by MTX (10"* M) or CD95 mAb CHll (1 ptg/ml) 
for 24 h. The per&enxage of apopxoxlc oell« was determined by flow cy- 
tometry after slainio^ with annexin V. Results arc expressed as 
mean ±S EM of four independenl expeiiments. (D) MTX-induced 
upopiosi^ in lymphocytes fTom a patient with a CD95-si£;Daling de- 
fect. 3-d PHA-^vated cells were treated with NTTX (10~* M) or 
CHll (1 ^g^ml). After 12 h of Incubaiiou, the percentage of apoptotic 
cells was deiermined by flow cytometry after staining with aonexin V. 



reoosnj^ed by distinct T ceD clones, alihougb cross-reaciivity 
and/or HLA alldle: sharing bftiwecn $iiTnufatc»r cells may often 
Tcsull io mtermcdiatc kinetics. To investigate wbethtsr a brief 
exposure to NfIX could selectively delete activated T cells 
vdthoat impaiiing tbe functional capacities of other T cdDs in 
the same culhnc, we added MTX (1 yiM) during the last 16 h 
of a primary MLR. Cells were then incubated in fresh medium 
for 4 d to allow the decrease of intracellular MTX in accord 
with the kinetics shown in Fig. 3 C, and the viable cells were 
then oocQlmred with either the same or a different allogenefc 
B cell line. In these conditions, the secondary response to iden- 
tical stimulator cells was nearly completely abrogated, whereas 
tbe response lo a third party cell hne was not affected (Fig. 7). 
indicating thai tbe eCCecl of MTX was donaJly resiTicied to the 
T cells that were activated at the time of exposure to the drug. 

Lymphocyits frOm MTX-tnsated patienti undergo apoptosis 
upon in Mitro activaiion. We verified in six rheumatoid arthii- 
tis patients, thai a single injection of MTX durii^ low-dose 
treatment was sufficient to prime lymphocytes to apoptosis 



upon subsequent nntogenic activation ex vivo (Fig, 8). In vitro 
apoptosis^ determined after 24 h of activation by PHA, was 
completely inhibited in the presence of folinic add (10 ^lM) 
and folic add (100 ^lM) (data not shown), indicating that it 
could be attributed to MTX or its polyglutamated derivatives. 

Discussion 

NTDC was shown to exert a wide range o( antHnflammatovy ac- 
tivities (21, 25-27) that are primarily mediated by the release 
of adenosine from different cell types that express ccto-S'-' 
mideotidase (28). Such antiinilaromatory prcvperdes do not ex* 
dude a genuine hnnmnosuppresaive activity, in as much as 
ADA deficiency is associated with a severe combined immu" 
nodefictency disease (29). The present study demonstrates that 
MTX induces apoptosis of PBL activated by mitogens or sn- 
perantigens, and may induce donal deletion of alloreactive T 
cells at concentrations that are achieved during low-dose dhii- 
cal tzealmerits (30-32). Remarkably, nonactivated T cells were 
resistant to apoptosis at up to 1 mM MTX, demonstrating a se- 
lectivity toward activated PBL. Furlhermore. resting PBL in- 
cubated with MTX« and subsequently activated in drug-free 
medium^ underwent apoptosis* suggesting that unactivatod T 
cells may convert MTX to polyglutamate forms that are re^ 
taincd intraceHularly. The ability to imdergo apoptosis may re- 
flect the capacity of PBL to convert MTX to MTX glu4 and 
MTX gla5» which were reported 10 be retained tor up to 24 h in 
breast cancer cells (10. 11). In the present model, maximdl 
apoptosis was achieved after h of exposure to MTX and the 
half-life of the biological activity of polyglutamated MTX was 
around 3 d. Such information may l>e relevant for optimizing 
dosage and time interval of MTX administration during low- 
dose treatments. Indeed PBL from MTX- treated rheumatoid 
arthritis patients underwent apoptosis upon ex vivo activation, 
although the percentage of apoptotic cells remained lower 




figure 7. hfTX-induocd antigcn-spccafic byporesponsiveness in 
mLr. Lymphocytes from healLhy adult donors were slimulaled ^th 
RAJI cells with or without MTX (10' ' M) added during l6 h at day 6 
(ci<}jrcd or open symbols, respectively). Lymphocytca were washed 
and cultured io fresh medium &07n day 6 to 10, and then reslimulated 
with RAJI or DaKIKI cells. {THJTdR incorpOrtiUOo in dpm (mean^ 
SP) and CX>2S cuprcaaion and Uaals cransldnnation (FACS* analy- 
sis) were measuied sequentially during 6 d after addition of mitomy^ 
Cm-treated stimulator B cell lines. Results of one rcprcscnlative Itom 
three distinct experiments showing similar effects. 
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Figured. £x vivo aclivadon of 
PBL after MIX injection In- 
duces apopt06it& Sixpalienls 
with rheumaioid arUiriLis un- 
der lOfl£-ierm ireaunefit by 
MTX were fftudicd. Blood 
Eamplcs were takcD at indi- 
cated limes aXler MTX (7.5-lS 
mg/kg) iniramuscular iiyec- 
tion, and PBL were activated 
by PHA (5 tig/ml). Pcr- 
oenlBgcs of apopLodc obUs 
(Hoechsi 33342 siaining) >rere 
determined after 24 h PHA ac^ 
uvatioD. Each symbol repre- 
sents one patienL Cultures in the presence of folic add (1 00 y&M) or 
foJimc acid (10 resulted in 1-5% specific apaptQinSi as defiDed in 
Methods. 



than that observed after in vitro incubation of nonnal FBL 
with MT7C. Novenhdess, uptake and intracellnlarTetcntian of 
MTX, along with the iirevcrsibility of its effect on activated 
lymphocytes, provide a rationale for intennittent administra- 
tion in contrast with other antiinflammatoTy and immunosup- 
pressive agents that must be administered daily because odt 
their short half^life and/or reversible activity. 

Polyglutamated MTX not only blocks DHFR, the main car- 
get enxyme of MTX, but also inhibits a number of folaic- 
dcpcmdeut enzymes, resulting in inhibition of purine and 
thymidylatc synthesis (10, 11). Complete blockade of DHFR 
results in the depletion of intracellular reduced folates, but the 
apoptotic activity of MTX was only reversed at high molar ra- 
tios of folic add to MTX« and much more effiriently by folinic 
add» which bypasses DHFK. Complete inhibition by exoge* 
nous thymidine supports the prediction that this immunosup- 
pressive activity of MTX may be primarily Gontrolled by intra- 
cellular levels of thymidine. 

Adenosine accounted for only a minor part of MTX-induced 
apopu»is because adenosine-iiiggercd apoplosis was re- 
tttiicted to a small Subset ('^ 15%) of activated PBL. As dis- 
cussed below, programmed cell death of activated PBL after 
MTX treatment was initiated at tlie onset of the S phase of tlie 
cell cycle. It may be hypothesized that the apoptotic-triggeiing 
signal is generated by altered DNA strands produced by DNA 
polymerase in the absence of thymidine, thus inducing apop- 
totic pathways shared by various genotoitic agents, and involv- 
ing p53, the product of the retinoblastoma susceptibility gene 
Rb, and moltimetic kinase complexes that control the GVS 
progression (33-35). However, the apoptoti&^igi^ng path- 
ways induced by altered DNA are still largely unknown. In this 
respect, it is noteworthy thai the aniiproliferative properties of 
MTX demonstrated at high (100 fiM) and low (0.01 pM) con- 
centrations are dearly independent from its appptosis-induc- 
ing capadiy* suggesting thai Gl/5 progression and apopiosis 
may be controlled by distinct signaling pathways. 

It has recently been reponed that several cytotoxic drugs, 
mduding MTX. can trigger CD95 (Fas, APO-1) ligand expres- 
sion in leukemia T cell lines (22) and hepatoma cell hncs (36), 
and that CD95 ligand/CD95 inleraciions were critical in drug- 
induced apoptosis. However, in activated PEL, MTX triggered 
apoptosis by a CD9S-independent pathway. This observation 



is of major relevance for therapeutic applications because 
CD95-dependent apoptosis Is restricted to a subset oCpreaeti- 
vated "memory" T cells that express the CD45 RO short iso- 
forro (37-39), and that have developed s«?n$ili vity to the Cn>95- 
mediated apoptosis paUiw^iy through an efficient IL-2 signal 
(23). Conversely, MTX induces apoptosis of naive as well as 
memory T cells, and may induce deletion of naive activated T 
cells, as shown by MLR experiments. 

MTX is usually used as monotherapy in autoimmune dis- 
eases, but in assodation with other immunosuppressive drugs, 
such as CsA or FK 506, in graft-versus-host diseases, and or- 
gan allograft rejection (4-*£). The present study indicates that 
blocking the IL-2 pathway by inliibition of gene transcription 
(CsA, FK 506), ant]-IL^2 receptor antibodies (CD25) or drugs 
interfering with IL-Z signaling (rapamydn) that block acti- 
vated T cells in the Gl phase of the cell cydc. prevents MTX- 
induced apoptosis. in vitro. Therefore, one should not eatpect 
synergy between MT7C and dings that interfere with the 11^2 
pathway, unless MTX deletes T cells that have escaped activa- 
tion blockade by the assodated drugs. This could be the case in 
autoixmnune disorders where CsA is administrated at much 
lower doses than fai transplaniatioxL 

In eondusioD. die present study demonstrates thai low- 
dose MTX treatment can induce apoptosis and donal deletion 
of activated T cells, and, thus, establishes the potent immiu&- 
suppressive properties of this drug. Hie model provides a ra- 
tionale for intermittent administration and it could be applied 
to optimizing the pharmacokinetics of MTX treatment. How- 
ever, the relative iiTicversibility of this eCfect may represent a 
risk of ovciimmunosuppicssion in long-term therapy. 
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